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ABSTRACT 

The need for planning in educational systems may be 
interpreted as the need to identify, prepare, and devise new or 
revised procedures through which explicit systemic goals may be 
realized. Usually such efforts have a specific time orientation. 
Planning is futther related to policy in the sense that policy is a 
legitimized procedure or course of action. The logic suggests that 
planning should precede procedure specification and formal policy 
action. Computer simulation is a relatively nev approach to the study 
and further understanding of complex entities and situations. The 
computer program is the embodiment of the real world event or entity 
of interest. Its primary advantage is the computer's capability of 
storing, manipulating, recombining, and reporting the past, current, 
and future states of numerous variables which together comprise the 
total behavior of a complex event or system. In this sense, the 
computer exceeds the intellectual capacity of the average person who 
would experience difficulty comprehending the totality of input 
variables, interaction effects, and current states of the system. 
(Author/«M) 
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IMPROVKl) SCHOOL IIANAGEMENT AND PLANNING: 
TUli PROMISE OF COMPUTER SIMlV\TION 

The last tv;o docad^ of technologlcol development hflve 

a slgnlf icoivt iuipac^^n public school education and on 
those individuals charged with the administration of our 
schools. So much so, that it would not be inappropriate to 
describe the chanijes that have occurred over just the past 
ten years as '^explosive." Particularly is this true where 
the technology of co;^;puters and education are concerned and 
the specific juncture tarmed computnr sinulation. 



Introd uction 




Historically, the incidence of educational data process- 
ing began in the late 1950 's and by the early 1960 's had gained 
considerable rx>tr.entum on the part of public schools in terms of 
expressed desire to adopt or acquire coraputer capability. The 
period from the middle 1960*s to the early 1970's provided an 
opportunity to adopt, test, and itnplencnt the ciore commonly 
accepted data processing appUcnt ions. These would include: 
financial accounting, personnel information systems, student 
scheduling, inventory control , grade reporting, and numerous 
others now considered standard operations* 

The past three or four years (1969-1973) have witnessed an 

Willif.n H. Holloway Is currently an Assistant Professor of 
Educational Administration at tlio University of Kannas conduct- 
ing rcsdhrch in the simulation of public school systems, 



increoplng nunibcr of cxplorntovy, dovolopmentfll cfforlr. in the 
cducntional sphere Cor which little prior experience exists ns 

fiuidc for iiwostisators. For exr^nple, current research 
efforts ore directed townrd the development ^^nd implementot ion 
of conputer c-^ssisted instruct ion (CAI) , computer managed 
Instruction (CMI) , management information systems (MIS), and 
the use of the computer in conjunction with sophisticated, 
quantitative techniques such as linear programming, input- 
output analysis, cost-effectiveness analysis, and applied 
decision techniques such as PERT and PPBS * Included among the 
foregoing is the field of computer simulation which is perhaps 
lesser known but with a growing audience of interested prac- 
titioners and an increasing nunr^ber of investigators who are 
devoting their tirne and abilities to further development and 
exploration, 

What Is Computer Simulation? 

Commonly accepted usage of the term "simulation" varies 
considerably. However, for most purposes the term could be 
interpreted as "real world representation" without undue loss. 
In the sciences, physical jnodels arc widely recognized and 
readily accepted as representations (simulations) of real 
world phenomena. In the social and behavioral sciences, such 
models are more frequently fbund in the form of schematics or 
symbols (as in mathemat ical nK)dels), Unquestionably, simuln- 
tions whether physical models, or symbol analogues, or mere 



role [>l«')yin2 have *ntlded importont diuon$ions to instructtonnl 
nethodolocy. Spncc cxplorntion, military troinlng^ nmrkct 
rnd product ^nnlysis, and drivers tr^iinins are just a few 
examples o£ the extensive use of simulation in training. 

•'Computer^' sinulation belies a methodological distinction 
and is ^ relntively ncv; opproac!i to the study and further 
understanding of complex entities and situations. The computer 
prograca is the embodiment of the real wrld event or entity 
of interest. Its primary advantage is the computer's capa- 
bility of storing, cuanipulatlng, recombining, and reporting 
the past, current, and future stctes of numerous variables 
which together comprise the total behavior of a complex event 
or systciiu In this sense, the computer exceeds the intellectual 
capacity of the average person who would experience difficulty 
comprehending the totality of input variables, interaction ; 
effects, and current states of the system. Figute 1, suggests 
In a broad sense what takes place in computer simulation. 
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The process of tlcvoloping a computer simulation of real 
world phcnor.ionn requires first o substant:^nl understanding of 
the evenly systor.i, or plumor^cnn to be simulated. Second, con- 
siderable information must be obtained wliich describes the 
qualitative and quantitative nature of the primary variables 
in the event which- laay easily exceed one hundred in nuiaber. 
Third, a careful ^^Ludy of the data in conjunction with in- 
depth knowledge of the system will begin to reveal a nurabcr 
of relationships' dmong the primary variables v;hich in turn 
are incorporated into the computer program. An iterative 
process of study, discovery, prosraMmlng, testing, and modi- 
fying will usually result in a satisfactory simulation program. 
The criterion of success in computer simulation is the degree 
to which the output variables (response) are truly represent- 
ative of parallel indices of behavior in the system of interest. 

Implications for Hnnaf>enient and Planninp; 

The need for planning in educational systems may be 
interpreted as the need to identify, prepare or devise new 
or revised procedures through which explicit systemic goals 
may be realized. Usually such efforts have a specific titie 
orientation. Planning is further related to policy in the 
sense that policy is a legitimized procedure or course of 
action. Tho logic sugj*ests that planning ought to precede 
procedure specification and formal policy action, though this 
may not always be the case, in practice. Planning has been 
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incrci^singly dcrjandcd in nil orgnni?,£Jtic)ns as n direct result 
of the increased tempo of cbange of which much has olready 
boon written . 

Management, on the other hand, h^^s numerous interpre- 
tations gcncr<illy pertaining to the sdrainist ration and control 
of social entities. The terns are related, in that planning 
is recognized as a necessary and legitimate function of manage- 
©ent (Kauftnan> 1972) which is requiring more time, more effort 
and an increasing share of organizational resources* 

planning, as a dimension of management, must concern itself 
with the stated goals of the system of interest , current levels 
of performance t future expectations, and the implications of 
continuing changes in both the eKternal and internal environ- 
inents of the organization. A critical appraisal of contem- 
porary practice tjould reveal numerous faults in the current 
approach to planning in educational systems, parairount among 
these are: 

!• A failure to recognize the need for distinct, organi- 
zational units whose primary responsibility would be 
the planning function, 

2, A failure to assign such responsibilities to a spe- 
.cific number of competent persons and the correspond- 
ing failure of institutions to train such individuals. 

3. A lack of knowledge about the availability and rein*- 
tive merits of recent technological and methodological 
advances ♦ 



4* A folluve to make planning Infonnotipn ond r.sslstnncc 
availnblo to coinpotlnp, conponfints in the system. 

5. A fniluro to recogni^se anJ c^ccept tho complex/ Intrnc- 
* table nature of the forces and events of social sys- 
tems and hence, the need for an improved technology 
with "uholistic" cflp^bility. 

It is neither the purpose nor the intent of this paper to 
proclaim computer siraulation as the "latest educational panncea" 
for all planning and tnanagemont ills. A careful appraisal of 
the list, however, would reveal that if the criticisms are 
valid, then the exploration of the potential of computer siraula- 
tion as a technological tool is warranted. That is, the com- 
plexity and intractability of planning aud managing of variables 
which comprise a wliolist ic approach , to organizational enlighten- 
ment and development may well justify full exploration of any 
tool that exhibits even a modicum of future potential. 

An Illustration 

In 8 recently conducted study, an attempt was made to 
develop end test a computer simulation of the student popula- 
tion and teacher population components of a State Public School 
system. The essence of the study was to simulate the primary 
variables (births, deaths, drop-outs, migration, and institu- 
tional production, for example) and the intricate relation- 
ships that existed botwocn primary variables as well as between 
the two components. The purpose of the study was twofold; 



first/ to ijnin ^roriter understanding of tho internctions that 
occur and second, to increase predictive efficiency for the 
purposes of five and ten year, advance planning, The third 
purpose was to begin testing various internal procedures for 
computer sinulation and is of equal importance but of lesser 
interest here • 

Sorae of the results of the study as evidenced by the 
simulated response of primary variables is both interesting 
and indicative of future potential, Table I, compares the 
actual level of student populations with predicted levels 
obtained through sitaulation for a period of ten years. 

Table 1, A Comparison of Simulation Response With 
a Time Series of Real World Values 



Year Actual Levels Simulated Levels Error (Units) Error (y.) 



1965 


1,968,A03 


2,040,940 


+72,537 


3.7% 


1966 


2,033,982 


2,073,989 


V» 0,007 


1.97. 


1967 


2,079,961 


2,102,964 


+23,003 


1.1% 


1968 


2,122,919 


2,120,597 


- 2,322 


.1% 


1969 


2,164,386 


2,124,507 


-39,879 


1.8% 


1970 


2,179,260 


2.120,711 


-58,549 


2.7% 


1971 


*** 


2,105,291 


*** 




1972 


*** 


2,081,502 


*** 


*** 


1973 


*** 


2,051,520 


*** 




1974 


*** 


2,010,001 







The tabic illustrates the predictive potential of computer 
simulntion v;hlch cnploys hirth dotn rs nn entering vnrt/^ble. 
Furtherriore; the percent of error i;hile .seemingly Inr^je is toler- 
eble fur a nuiabcr of purposes end sntiiifylng os o ''first effort*' ' 
result • 

A key ossu?^.ption in the study is that the nunber of clients 
(students) in a client-s^ervice organizntion (public schools) is 
a prime prerequisite to syste:aic plaanin[5. Knowledce about expected 
client population levels is directly related to the expected need 
for professional staff, physical facilities, and financial support. 
To the extent that such knowledge is accurote and available, 
planning for future needs, becomes enhanced and rational. Table 2, 
for example, illustrates teacher noed prr^dictions obtained by 
the same simulation ptogrrm in comparison to actual teacher popu- 
lation levels and predictions obtained by two other forecasting 
mothods; moving averages and exponentia] snxothing. 



Table 2. A Comparison of Predicted Teacher Meeds 

With Actual Population Levels: Three Methods 



Ye or 


Actual Levels 


Simulation 


Moving 
Averocos 


Exponential 
Smooth! iif> 


1959 


58,251 


55,857* 


• 54,484 


55,532 


I960 


60,394 


59,405* 


57,022 


57,707 


1961 


63,271 


63,362-.v 


59,322 


59,857 


1962 


66,024 


68,002:v 


61,832 


62,568 


1963 


68,099 


72,521 


64,647 


65,337* 


196'i 


69,380 


75,432 


67,061 


67,557* 


1965 


72,935 


77,121 


68,739 


69,015* 


1966 


76,047 


78,974*v 


71,157 


72,151 


1967 


80,637 


80,599* 


74,491 


75,268 


1968 


85,346 


81,589* 


78,342 


79,563 


*Donotos 


most nccurfito 


cstirmtc 
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An cxfli-^luntion of the teblc v?ill rcvcol thnt, on sovcn 
occnslons out of ton> slnmlntor [;enorf)tccl predictions wt^re riiOtc 
flccuratc tlinii tiioso obtained by oltoriuito f orccnstt ng techniques . 
Ihus^ computer simulntion parfovmed satisfoctortly Qs a t cchno- 
loclcol tool in relation to other aviiiloble tools and ^Iso 
reveoled its potentinl for future planning tcsks. Such potential 
might well be used ^ for example , to plan the nuMber of entering 
trainees necessary to adequately staff the professional needs of 
schools five and ten years from today. At least, tite vocational 
counseling function could be improved with more reliable » long- 
range infonr.ntion. Teacher preparation programs only require 
four years of preparation and hence only an accurate five year 
forecast of the aet rosult of continuing prof^ant policy is 
needed. In this way we could avoid such over-production as is 
predicted by two available reports (KSA, 1970; USDL, 1970) which 
predict an over-supply of as many as 19,000 teachers per year 
for the next five year period. 

Frequently, the needs of planning extend beyond simplistic 
point estimntos. Appropriate routines can be incorporated in 
the computer prograta wliich will provide both point and interval 
projections and tlic interval limits can be con<?tructed to reflect 
any desired span or tolerance. Additionally, important parameters 
can be varied to simulate the effects of alternate strategies or 
unusual conditions * the response information thus provided adds 
two additional dimensions: the first, Is information important to 
selecting a particular aUornatlvo or strategy; and the second, is 
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a means of studying the complex effect of unusual conditions. 

For exna^j>le , one r.df;ht ro.ndi ly question and study (vin 
simulntioa) tl*c ir\penct of n ten ycnr program of ten percent 
annuel reductions in private school population levels^ In a 
matter of o few hours » data could be available showing the impact 
of such an extreme factor on public school student levels and 
the demand and recovery of professional staff levels, physical 
facilities^ and financial support fomulas , Thusy computer 
simulation is a powerful , technoloGical advance that promises to 
aid managers to fulfill the planning function in at least three 
ways: , 

1 * Computer simulation programs will provide increasingly 

more accurate information about the predicted effects 

of current systemic forces* 
2* Computer simulation programs can provide important 

•'decision-making" information about the effect of 

alternate management strategies. 
V 3. Computer simulation programs can provide opportunities 

to examine the consequences of unusual systemic forces 

or conditions over selected periods of time. 

S imula t I on O uido 1 ines 

Simulation, at least in the sense of role-playing, is not 
new. ConAputcr simulation, by comparison is a teenager . However , 
sufficient experience has been gained to assure practitioners 
tl\at field trials are now In order. Pattlculacly, Is this true 



in view of contenporary interest in plnnnina, dvnluntion, oud 
flccouiacbility nid the renl world experience of rapidly oscillntlng 
environn^ontnl forces, There is a need to royniu nnd retoln coulrol 
over the effect of such forces and improved plonning ney be tlic 
key to bocomina proactive instead of reoctive. V?hat then arc the 
euidclinos, if any, for such field trials? ' 

First, inb-ncdiate computer capability is not necessary since 
desired prograns can be designed, developed, and tested at any 
available institution having the necessary expertise • Thus , any 
school district could initiate "field trials^* independent of 
such a requirement • 

Second I since ciuch of the current developmont and testing 
now takes place at a few of the major institutions across the 
nation, it woulJ be useful to let such efforts reside in those 
centers. The benefits would be at least two-fold: school dis- 
tricts (or any organieation for that matter) would profit from 
continuing development and the necessary R&D expertise would 
not be duplicated resulting in unnecessary cost. This would 
apply to all but the larger school districts and organizations 
(50,000 students or tnore) vUo could justify the additional 
expense of staff and equipment. 

Third, utlllJiatlon of a now technological tool for planning 
assumes at least a n^ininal program of planning presently exists. 
Since planning is now recognized by an increasing number of 
schools as fl Icgltinnte ond nocossnry function of manaBcmoiit, 
It follows thnt fHore ond more districts will boyin to discover 
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the vnluo of such n tool. Host ort;anizcntlons hnve uficd population 
projection for tnnny yeors » llowoveVi ninny mny not be i^v-»cire of tho 
intricate rclfltionfihips between such cstiriatos and other componontfi 
of the 6ystcm. Further, the nunerous calculntions required to 
Gxomlno but a few eltcrnatives would discournge oven the rnost 
dedicnted mnnager or planning stcff. 

Finally, field trials must be initiated advisedly, it must 
be recognized that a period of t into is yet necessary to achieve 
desired accuracy and reliability, and to further perfect existing 
techniques as well as develop new methods in response to suggestions 
originating fron the field . Such enterprise, however, should bo 
a cooperative effort . It would be well to plan a period o£ par^ 
. allel operation where existing manual processes could operate with 
newly inplomentcd computer programs* This would serve the purpose 
of providing an emergency operating system as well as providing a 
measurable criterion for acceptance and adoption. 

To the extent that such field trials are successful both in 
terms of adoption and the further exploration and development of 
the potential of the tool/ planning and management appear to be 
primary beneficiaries. Therefore it is incumbent upon managers 
to take the necessary steps to initiate a planning effort and to 
provide places and opportunities for the required field trials. 



Rofcrc nccs 



Blalock, lIuborL M, Tlxoory (Construct, ion; fjo}:^ Voi bnl To 

Hnlhonc t ical To^^^uUr^Lio^i. i^Ciw Jersey f one i:cc-H<nll , 
Inc., I96y" ^ 

Culbortson, Jnclc. Corip utor-r.nced S^lr.vjlat ton For Tr,-itnln<> 

Educotton nI pec is io n-^ inkers . Projoct ""rc|>orl: for UCKA to 
the Ford Foundotion, February, 1973. 

HoUoway, VUllinm U. Cpnn^uter Slnulnt 1 cri Of Aspo^^ Of The 
jpublfc Schoo^l^ I^u Ilj.chir,an Throo^Sy A pplloci S ystems 
A n a 1 y s i s . A p a p 0 r p r c $ e n t e d tt the annual tiiee ting of 
the American Educational Research Association in 
New Orleans, Louisiana, February, 1973. 

Kaufman, Roger A. E d uc a t i ona I Sys ten Planninc; . New Jerseys 
Prentice-Hall, Inc., 1972. 

McNamJ^rn, James F. "Mathematical Programaiing Models in 

Educational Plannins." Revie v? of Hducationa l Research , 
XLl. no. 5 (December, 1971), ^19-46. 

Kaylcr, Thomas 11 . (ct al ,) . Computer Sir^ ulatiou Techniques . 
New York: John Uilcy and Sons, inc., 1968. 

National Education Association (NBA) * Teachc r guppl y a nd 



Demand in Public Schools > 1970. A published report of 
the NEA^Rcsoarch Division, 1970. 

Stogdill, Ralph M. (Ed.). The Proces s of Model -Building in 

the Behaviornl Sc ionccs . Ohioi The phio State University 
Press, 1970. 

United States Department of Labor (USDL) . '^Manpower Demand 
and Supply in Professional Occupations A reprint 
from the 1970 Hanpoucr Report of the President. 
Washlm;ton, D^C: U.S. Goveilmnent Printing Office, 
1970. 




